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1 Introduction

Following the recommendation of the U.S. Particle Physics Project Prioritization Banel[
Fermilab is working with the world neutrino community, CERN, and others to establish Oa new
international collaboration to design and execute a highly capable-Basgjine Neutrino
Facility (LBNF) hosted by the U.S.Jhis new collaboration, which isxpected to be formed
during the next several months, will combine, among others, groups that have been developing
both singlephase and dugdhase LAr TPC detectofer long-baseline physi¢ganainly from the
LBNE and LBNO collaborationsespectively This Expression of Interest regards a proposed
full-scale prototype and beam test of the LB#HSIgn singlgphase detectputilizing the CERN
Neutrino Platform?] that was recently approved as part of the Mediterm Plan(MTP) [3].

Once the LBNF collaborain is formedit is expected thadevelopment obothsingle and dual
phase detectomsill come under the uniblla of the new collaboration.

Joint work in this facility would allowariousteans to learn abouaind compare various
technological approache® challengng systems (e.g. higholtage), learn about membrane
cryostats from different vendoend compare the response of singled dualphase LAr TPCs
to charged particles from the test beam. The testingjfigrent LAr TPC approaches would
inform decisiongegardingphagdimplementatiorof the far detectosystemfor LBNF.

The LBNE Collaboratiof#] is developing ascalable desigfor a large LAr TPC, baseoh
the successful ICARUS] design utilizingsinglephase, wirdbased readoutlts TPC ismade
from factorybuilt anode plane, cathode plane, and field cage modules, which are lassemb
together inside the cryostatThis Expression olnterestsketches groposl to perform an
engineering test afeveralfull scaledetector components assembled into a complete TPC, and to
expose the TPC to the test beam.

The currentplan forthe CERN Neutrino Platforrmcludes design and construction of a
large (8 mj cryostat,related cryogenic systemand test beardesigned forte test of a (6 m)
dualphase TP({5] being developed by the LBNO collaboration. The dimensions of this cryostat
arevery close tahose that wouldbe neeckdfor atest ofthe LBNEsingle phase detectdesign
Use of this cryostat for an LBNE testas anticipated in Appendix B othe LBNO-DEMO
(WA105) TDR6], and was the subject of a brief letter sent to the CERN $#®P8@xil 2014. If
this cryostat were to be utilized for tests of both detector prototypes, close coordination between
the two efforts wuld be required. Alternatively, construction of a second cry@stdttest
beamlinewould allow the development of the two technical approaches to proceed in parallel.
The strategy for developing the two technologiesxisectedo be developed by theew LBNF
collaboration, which is in the process of being formed

2 The LBNE Far Detector

The LBNE collaboratiorhas developed a design for lehgseline experimental program whose
far detector would be a massive liquid argon TH®. achievets goals a detector much larger
than ICARUS the largest LAITPC detectorbuilt to date,is needed. LBNE is developing a



scalablefar detectordesignshown in Figure 1based on singlphase wireplane readout, that
would scaleup LAr TPC technology by roughly a fix of 50 compared to the ICARUS T600
detector. To achieve this scalp, a number of novel design elemenéed to be employed. A
membrane cryostat typical for tHejuefied natural gasindustry will be used instead of a
conventional evacuated cryostdihe anode planassembliefAPAs) will be factorybuilt as
planar modules that are then installed itite cryostatThe modular nature of the APAs allow
the size of the detector to be scaled up to at least 40 kt fiducial Bassthe analog and digital
electronics will be mounted on the wire planes inside the cryostat in order to reduce the electronic
noise, to avoid transporting analog signals large distances, and to reduce the number of cables
that penetrate the cryostahe scintillation photon detéors will employ light collection paddles
to reduce the required phetathode area. Many of the aspects of the desigrbwitested in a
small scale prototype &ermilabbut given the very large scale of ttetector elements a full
scale test is highldesiable

Following the recommendation of the U.S. Particle PlysRroject Prioritization
Panel[1, Fermilab is working with the world neutrino community, CERN, and others to establish
Oa new international collaboration to design and execute a highly capablBdsalige
Neutrino Facility (LBNF) hosted by the U.S.O The wleNeloped LBNE LAr TPC dign is a
candidate for the far detector for LBNH.he CERN Neutrino Platforrnan be used to validate
the design by performing an engineering test otdodlle LBNEdesign components assembled
into a complete TPC, and exposing the TPC to the test beam.
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Figure 1: Layout of the LBNE liquid argon TP&.10 kt fiducial volume version is shown,
made oftwo 5kt detector modulepositioned on either side ttie cryogenicdiltration system
situated in the region between the detectors.

3 Full ScaleCryogenic Detector Test

The developmendf the CERN Neutrino Platform[2rovides an opportunity for an engineering
test of the full scale detectoomponents presently under deskgnthe LBNE collaborationA
large (8 mj cryostat and related cryogenic systsnbeing plannedor the test of a (6 m)uakt
phase TPQWA1105)6] being developed by the LBNO collaboratioiThis cryostat or one of



similar design would be suitable for the test of the LBNE sipblese detectorFigure 2 shows
one possible orientation of the fdtale TPGelements placed isuch acryostat.The size of the
cryostat proposed by WA105 is sufficient to permit mowunfull-scale LBNE style detectors in
several possible orientation and initial studies indicate that sufficient space is available for
installation.lt is clear that potential scheduling conflist®uld exist in accessing the facilitly
both the duaphase and sgle-phase development programs were to utilize the same crylbstat.
an additional suitableryostat could be constructed then any scheduling conflicts would be
resolved andhe capability of transferring liquid between cryostasld facilitate and pogsy
accelerate thdetectordevelopmenand testingorogram.

The goals of the LBNE detector test can be broken iolar categories:argon
contaminationmitigation verification, TPC mechanical verificatioRPC electrical verification
and photon detection light yielerification Research aFermilab utilizing the Materials Test
Stand7] hasshown that electronegative contamination to the 4pitnae argon from all materials
tested is negligible if the material is under the liquidbargrhis implies that thdominant source
of contamination originates from the gas ullage region and inottr@ temperature connections
to the detectorCareful design of the ullage region to insure that all surfaces and feedthroughs are
cold is expectedo greatly reduce the sources of contamination over what exists in present
detectors. Other concepts attempt to eliminate the gas ullage completely

The goals related to mechanical testing are to test the integrity of the detector. In the current
design,each APA measures 2.3 m by 6.6 m and includes 2560 wires and associated readout
channels. Given the complexity of these assemblies, a test where the detector can be thermally

Figure 2: Cut away view of an (8 foryostat of the design planned for the 0% experiment
with two anode plane assemblies placed in the center of the cryostat and cathode planes near the
sides.



cycled and tested under operating conditions is highly advised prior to mass prodLicdon.
mechanical suppodf the APAs can be testdo verify that the mechanical design is reliable and
will accommodate any necessary motion between the large wire plaeesnpact of vibration
isolation between the cryostat roof and the detector can also be téstelly a potential
improvement inthe cryostat design is thgossibility to move the pumps external to the main
cryostat. This will reduce anyechanical coupling to the detector and also greatly improve both
reliability and easef repair.

The electrical testing goals are to insure thathigh voltage design is robuwstd that the
required low electronic noise level can be achievedthe detector scale increases so does the
capacitance and the stored energy indéeice. The design of theefd cage and high voltage
cathode planeseeds to be sucthat HV discharge is unlikely and that if the event occurs no
damage to the detector cryostat results. The grounding and shielding of large detectors is also
critical for low noise operation. By testing the full scale elements onedasghat the grounding
plan is fully developed and functional. Large scale tests of the resulting desigrenill the
electrical model of the detector.

Accomplishing these goals requires that LBNE proceeds with the detector preliminary
design and relate engineering. Full-scale examples of the detector components will be
manufactured as part of the engineering design pracgegparation for fullscale prototyping
Initial engineering investigatiordone jointly with the LBNGDEMO (WA105) groupindicae
that the plannedcryostatdesignfor the WA105 detectomwith minor modifications would be
suitable fora full-scaleprototypetestof the LBNEdesign detectorThe design of the cryostat
roof, however, would need to be substantially different for the LBNE detector than that designed
for WA105.

4 TestBeamMeasurements and Calibration

A primary motivation of the WA105 collaboratidar proposng the (8 m)* cryostatin the EHN1
is the availability of a charged particle test beam currently under des@ffRi. Ths test beam
would greatly enhance the value of operating an LBNE Ti#®Ghis facility by collecting
calibration data over a wide energy range and paittyge. The test beanwill be an essential
tool to investigate many detailed questions related to detector performance and calibration

Decisions of detector details and design alternatives will need to be baseduoate
measurements taken with the actual detector configurafl@ss.beam data collected using the
charged particle beam will benportantin determining the detector perfoance and thus
refining the expectedxperiment uncertainties. This will lead to accurate estimates of the
experiment uncertainties and provide a benchmark for detector performance and an opportunity
to develop calibration techniques.

The energy and rdiae abundance of particles which would enter an analysi$, of
appearancerior to anyselection cutsare shown in Figure 3. As seen from the linear plot
protons, neutrongnd pions are in the energy range from 0.1 GeV to 1 @&lare the most
abundantparticle species in the detector. The log plot shows that electrons and pdsdrons
intrinsic beam/ ¢ and/ will be detected to 10 GeV with a relatively flat distribution versus



energy.ldeally onewould like to cover the entireegion of interest with all the particle types
expectedo be present in the LBNE data analysis.

The precise configuration of the TPC for the beam test has not been determindte but
drift length (anoddo-cathode spacingy expected to babout 2.5 m, corresponding to a drift
time of 1.5 mswith a 500 V/cm electric field.Given this drift time an event rate of less than
about 500Hz is desired to have primarily single occupancy events. Additionally the beam
window and TPC placement should be suwt the material in the inactive region is minimized.
This is important to see the start of hadronic and electromagnetic showers and to minimize
uncertainties in the particle energies.

The exact orientation of the TPC in the cryostat has yet to be deterand will depend
on the relativescientific priorities and the availability of the cryostat and beam tindeally the
detectorwould be tested firgh a configuration as close to the final geometry as possésing
issues related to HV breakdowvhere the field configuration is important. Then the detector
might be rotated to collect beam datadifferent orientation(s) relative to the TPC structure, e.g.
parallel or at 45; with respect to the anode plaries. were decided to build secondryostata
few changes to the cryostat boayght be requestedor examplepossiblyaligning the cryostat
such that the beam crosses the cryostat parallel to the walls rather than on the.diagonal

5 Conclusions

The construction o large (8m) cryostatat the CERN Neutrino Platform will enable testing of
full-scale detectors at cryogenics temperatures and in a test beam, and it offers the opportunity to
perform a fuliscale test of the proposed LBNE singlease detector, including both hardevar
and beam tests. Joint testing in the CERN facility of different LAr ®2€nological approaches
in the context of the new LBNF collaboration will help inform decisions about the
implementation of the far detector system for the Fernhiagiedong-baseline program

In addition, this activity will enhance worlewide collaboration in neutrino physics and
the development of statd-the-art detectors required for the next generation of experimints.
will advanceUS-European collaboration fahe longterm neutrino program, as envisioned in the
MTP. The sharing of the CERN facility between tests of singled dualphase readout LAr
TPCs for the future LBNF could offer the opportunity for those who have been working on the
single phase desigmainly from LBNE) to work on the development of the dual phase design,
and those working on the dyathase (mainly from LBNO) to participate in the development and
testing of the singkphase option.
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Figure 3: Representative generd®rel singleparticle momentum spectra from LBNE beam
neutrino interactions, separated by particle species and depicted on linear scales over a restricted
range (ppe), as well as on logarithmic scales over an expdngnge IOwer). The events
contributing to the spectra shown dhmse that would enter b appearance analysis (both

signal and backgrounatior to any cutsin a sample obtained from reverse khoumrent running

(i.e., enriched iranti-neutrinos).
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